INTRODUCTION
It is obvious that all fishing activities not only have a direct impact on target species and bycatch, but also on the whole marine ecosystem. Fishing activity affects population structure, habitats, biodiversity and productivity (Rice and Gislason, 1996; Jennings and Kaiser, 1998; Bas, 2005) . In particular, bottom towed gears, such as otter trawlers, have a large impact on the benthic habitat, mainly epifauna and the communities that inhabit the upper sediment layers (Kaiser and De Groot, 1999) .
In this context, an increasing amount of scientific effort has been devoted in recent years to studying the effects of fisheries on the ecosystem (Alverson et al., 1994; Jennings and Kaiser, 1998; Rochet et al., 2002 , Kellecher, 2005 . By applying an analytical design Greenstreet and Rogers (2006) found that variation in fishing effort is the main cause of differences in the size structure of the groundfish assemblage.
Some papers have touched on trawl discards in the Mediterranean Sea, mainly focusing on bathymetric discard differences (Carbonell et al., 1998; Moranta et al., 2000; Machias et al., 2001; Pranovi et al., 2001; Sartor et al., 2001; Sanchez et al., 2004) . However, research is still necessary to better understand the dynamics of catches and discards due to spatio-temporal changes in fishing effort (Piet and Jennings, 2005) .
The aim of the present study is to detect, for the first time, the influence of different levels of fishing intensity (fishing closure, high and low fishing activity) on the catch composition, including both the retained and discarded fractions. The study was carried out in two Mediterranean areas, one in the Adriatic Sea (central Mediterranean) and the other in the Catalan Sea (western Mediterranean).
MATERIAL AND METHODS

Fishing grounds
The Adriatic fishing ground (44º01'N-13º17'E) is located off the Marche Region, between 15 and 16 nautical miles from Fano harbour. The area, of about 160 km 2 , is characterized by sandy-muddy bottoms and by depths ranging from 50 to 55 m. It is influenced by the discharges of the Metauro River.
The Fano trawl fleet exploits this area all year round, with seasonal variations that are due to the influence of weather conditions and the availability of resources. As in the entire northern Adriatic Sea, each year the Fano trawl fleet is subjected to a period of fishing closure for 30 to 45 days, usually in summer.
The Catalan fishing ground (40º26'N-0º41'E) is located in an area of about 425 km 2 situated in the south of Catalonia, where the fishing fleet of Sant Carles de la Ràpita operates at water depths of about 25 to 60 m. The sea bottom is characterized by a very wide shelf (at some points over 65 km). This area is influenced by the continental waters of the Ebro River (Demestre et al., 2000) . Mud and clay with low percentages of sand are the predominant sediments and occupy a large part of the shelf. Sand predominates over mud in the sediments of the more coastal area (Guillén and Palanques, 1997) . The area is heavily exploited by otter trawlers with different temporal fishing strategies. Every year, the fleet of Sant Carles de la Ràpita is subjected to a period of fishing closure of two months (July and August).
Fisheries characterization
Different sampling approaches were considered for collecting detailed information on the characteristics of the fishing fleets and fishing activity:
-Census of the fleet: number of vessels; data on overall length (OL), gross registered tonnage (GRT), gross tonnage (GT), engine power (HP), gear in use, license, fishing area, etc. were collected for each boat in order to update this information for the period covered by the study. In the Adriatic study area, a census of the Fano trawling fleet was performed at the end of 2002, data was collected both at the Ufficio Marittimo Locale of Fano and by interviewing the fishermen and the fisherman's associations. In the Catalan area, the fleet census for 2003 was obtained from the official information of the Fisherman's Association of Sant Carles de la Ràpita.
-Estimating fishing activity in the Adriatic Sea: 4 to 5 days of observations per month were performed in 2003 at the landing point by interviewing the skipper. Data on number, duration, position, depth of the hauls were collected for each boat. Further information was gathered at the auction to estimate the monthly fishing activity of the fleet (number of fishing days per month per vessel). In the Catalan area, data was collected between November 2002 and January 2004; the number of vessels at the fish auction were registered daily to determine the fishing activity (hours per month for each vessel working in the fishing ground).
Fishermen were interviewed to determine the periods of different fishing intensity more accurately in the two fishing grounds. All the data were standardized to fishing hours per km 2 .
Catch composition and yields
In both areas, the trawl catches were analyzed through observations on board commercial otter trawlers; vessels usually working in the fishing grounds studied were selected.
In the Adriatic area, two days of observations on board a commercial otter trawler (OL =17.6; GT=34) were carried out bimonthly from February 2003 to January 2004; a total of 39 commercial hauls lasting from 2 to 3 hours was sampled.
In the Catalan fishing ground, sampling on board two otter trawlers (mean OL=16.8; mean GT=41.1) was carried out two to three days each month by two observers from November 2002 to December 2003. The average duration of the hauls was 2-3 hours. A total of 50 hauls was analyzed.
In both areas the vessels employed trawl nets with a stretched codend mesh size of 40 mm. The species composition of both the retained and discarded fractions was recorded in each haul to the lowest taxonomic level possible. A subsample of the discard was taken when it was very large.
In this paper the term discard refers to the fraction of the catch thrown back into the sea, which is composed of commercial and non-commercial species, according to Alverson et al. (1994) .
Data on biomass (kg) per species were registered. Catch data of each haul were standardized to kg per fishing hour; mean values of the retained and discarded fractions were computed on a bimonthly basis in order to have the same temporal scale.
The retained fraction (retained catch/total catch) was calculated for each haul. This ratio was used by Alverson and Hughes (1996) to define the Ecological Use Efficiency (EUE) index.
The Kruskall-Wallis non-parametric ANOVA (Siegel and Castellan, 1988 ) was employed to test differences in the retained fraction of the high and low fishing intensity periods in each area.
RESULTS
Fisheries characterization
The fishing fleet located in Fano harbour consists of 131 vessels: 27 otter trawlers, 4 "rapido" (beam) trawlers, 43 artisanal fishery vessels, 7 vessels using pelagic longlines and 50 vessels with hydraulic dredges for clams. The fleet sector that exploits the studied fishing ground is represented by the otter trawl vessels. The 27 trawlers can be divided into three categories according to GT: large sized vessels (more than 100 GT), medium (30-100 GT) and small (less than 30 GT). Each category also differs in terms of mean engine power (410, 325 and 150 HP) and overall length (27, 20, 12 m) .The trawl vessels of the Fano fleet normally fish four days a week, from Monday to Thursday, leaving the harbour at 4.00 a.m. and coming back at 3.00 a.m. the following day to land the catch. The medium and small trawlers usually make fishing trips of one day, while the large vessels (>100 GT) can remain out at sea for two consecutive days, depending on the weather conditions. The studied fishing ground is mostly exploited by the medium sized vessels all year round, and also by the large sized vessels, although less frequently. During the study period the fishing activity was characterized by a clear seasonal pattern ( Fig. 1 ): A high exploitation rate was detected from January to June. Fishing intensity decreased in July when the low availability of demersal resources made it economically unprofitable to fish in the area. After the fishing closure (August-September), trawl activity was low in the studied fishing ground, and was concentrated near the coast (within 12 miles).
At the end of 2003 the Sant Carles de la Ràpita fishing fleet was composed of a total of 118 vessels: SCI. MAR., 71 (4) According to the data collected in this study, a period of low fishing intensity can be defined from March to June followed by a two month cessation (July-August). After the closure most of the fleet worked in this area (Fig. 1) , and therefore the period from September to February was considered to be high fishing intensity, which was especially evident from September to November. The beginning and the end of the period of low fishing intensity vary quite a lot according to the year and depending on the recruitment of commercial species.
Catch composition and yields
Totals of 92 and 88 species belonging to eight major taxa were collected during the onboard obser-vations in the Adriatic and Catalan fishing grounds respectively (Tables 1 and 2) .
The species composition of the retained and discarded catches showed close agreement between the two areas. In the Adriatic fishing ground the catch of 13 species was totally retained, while that of 30 species was partially retained and that of 49 species totally discarded. In the Catalan fishing ground 18 species were totally retained, 35 were partially retained and 35 totally discarded.
The most significant group in the catches was represented by Osteichthyes, which accounted for 40 species caught in both areas. More than 50% of these species were commercially important. Merluccius merluccius and Mullus barbatus represented the most relevant fraction of the landings (retained species) in both fishing grounds, showing very low discard rates.
Crustaceans were the second most important group, which was mainly represented by the mantis shrimp, Squilla mantis, that was largely retained, and the swimming crab Liocarcinus depurator, characterized by large discard rates. Cephalopods were mainly represented by Loligo vulgaris, Octopus vulgaris and Sepia officinalis, which showed low or null discard rates.
Bivalves, gastropods and echinoderms were totally discarded in the Adriatic Sea, while in the Catalan Sea some species were partially retained, such as the bivalve Pecten jacobaeus, the gastropods Bolinus brandaris and Hexaplex trunculus and the holothuroid Stichopus regalis. Cnidarians have no commercial value in either area.
The proportion of retained and discarded biomass varied throughout the study period in both areas (Fig. 2) . The commercial yields were highest after the fishing closure and progressively SCI. MAR., 71 (4) decreased over the following months. The minimum values were observed in the months before the fishing closure. The discard of commercial species was higher than the discard of non-commercial species throughout the observation period in both areas, except from November to January in the Catalan area.
In both fishing grounds the retained fraction was slightly higher in the high fishing intensity periods than in the low intensity ones (Adriatic Sea: 0.613 vs 0.524; Catalan Sea: 0.597 vs 0.539, Table 3 ), even though the Kruskall Wallis test only revealed significant differences (p<0.05) for the Adriatic Sea.
In terms of the catches of the different taxonomic groups, in the Adriatic fishing ground the percentage of retained bony fishes was higher in the high intensity period than in the low period; while in the Catalan Sea the retained fraction of cephalopods (mainly O. vulgaris) in the high fishing period was higher than in the low period (Table  3 ). The other groups did not show relevant differences between the periods of high and low fishing intensity, even though in general, the discarded fraction was higher during the periods of low fishing activity for each group. 
Catch of the main exploited species
The target species in the two fishing grounds show different discard levels.
In both areas, Mullus barbatus had very low discard rates and the catches were highest after the fishing closure (Figs. 3 and 4) . In both fishing grounds Squilla mantis was one of the most significant species in terms of biomass; the yields showed a clear seasonality, with a peak in November. Discard rates of this species were always low ( Figs. 3 and 4) .
Catches of Merluccius merluccius in the Adriatic Sea were substantially constant throughout the observed period and the species showed very low discard rates. The retained fraction of Loligo vulgaris in the Catalan fishing ground was always greater than the discarded one which was consistent only after the closure (Fig. 4) .
In the Adriatic fishing ground Liocarcinus depurator represented one of the few commercial species characterized by a consistent discard, which was often higher than the retained fraction (Fig. 3) .
DISCUSSION
In the Mediterranean, although trawling exploitation is directed at a restricted number of target species, the total landing and its economic value are due also to several species belonging to the so called "retained by-catch"; for this reason the Mediterranean trawl fishery has been classified as multispecific (Caddy, 1993) .
In spite of this, a consistent percentage of the bottom trawl catches is routinely discarded in the Mediterranean. Stergiou et al. (1998) estimated that 45% of the total catch was discarded in 1995 by the Greek trawl fleet.
Recent studies have estimated the amount of trawling discards as 20 to 50% of the biomass caught in different Mediterranean areas (Moranta et al., 2000; Machias et al., 2001; D'Onghia et al., 2003; Sartor et al., 2003; Sanchez et al., 2004) . About half of the discarded biomass is composed of species of commercial interest and the rest is made up of species without economic value. The amount SCI. MAR., 71 (4) of discard varied greatly depending on the areas and/or fishing grounds considered: in general, discard rates were higher on the shallower bottoms (up to 50-60% of the total biomass caught may be discarded) than in the deeper waters, such as the Norway lobster and red shrimp fishing grounds. Even though small areas and a restricted portion of the fleets were considered in the present study, the results obtained (39-48% discard) fall within the previously mentioned range. In the two fishing grounds studied the total catches were characterized by high numbers of species, especially the discarded portion. This is mainly due to the species diversity of the exploited fish assemblages and the low selectivity of the gear. Discard of commercial species was mostly composed of low commercial value species, such as L. depurator, which has low and inconstant market demand. Discard of target species was low or practically absent in the case of M. merluccius and M. barbatus. This is because in the two fishing grounds the size composition of the catches of both species was made up of specimens larger than their minimum landing size. In other Mediterranean areas the discard rates of target species may reach high levels. Sartor et al. (2001) reported that about 30% of the M. merluccius specimens caught in the northern Tyrrhenian Sea were discarded, especially in summer when there are large amounts of juveniles.
Taking into account the similar characteristics of the two fishing grounds studied, in terms of depth, bottom features and species assemblages, it is worth noting the similar species composition of the retained catches. This highlights a similar pattern in commercialization and market demand, which is a result of a common cultural and historic background, and involves a large number of marketed species. This is a common characteristic of all Mediterranean fisheries, which distinguishes them from fisheries of other areas, such as the Atlantic Ocean.
The present study focused on detecting the influence of different levels of fishing intensity (fishing closure, high and low fishing activity) on the catch composition. Currently, periodic fishing closure is one of the most important management measures for regulating fishing effort of trawling in the Mediterranean. It has been in force in almost all the European Mediterranean countries for at least 15 years. Closure duration differs in the various countries, lasting for about 1.5 months in Italy, 2 months in Spain and 4 months in Greece.
The two areas studied were characterized by different levels of effort throughout the year, even though the differences between high and low fishing intensity were not so pronounced. However, the periods of fishing activity were different in the two fishing grounds. The main difference was that in the Adriatic fishing ground, fishing closure was followed by a period of low fishing intensity, while the opposite situation occurred in the Catalan study area. This aspect is due to the fishing strategies of the two fleets, mainly in relation to the exploitation of other fishing grounds and target species throughout the year.
In terms of catch composition, the present study shows that the retained fraction was slightly higher in both areas in the high fishing intensity period. This could indicate that the resources are exploited more efficiently in the high fishing intensity period. No seasonal effect in the overall community can be taken into account because high and low fishing intensity periods occurred in different seasons in the two areas (spring in the Catalan Sea and autumn in the Adriatic Sea).
In both areas the maximum yields were registered after fishing closure and then the retained yields progressively decreased. This is a rather common feature that has been observed in other Mediterranean areas where fishing closure is in force, especially if its duration is consistent (Machias et al., 2001) .
Even so, the increase in yields of some commercial species after the fishing closure could be due not only to the previous fishing cessation, but also to biological factors of the exploited resources. In both areas the increase in the yields after fishing closure is also a consequence of the recruitment of some species, such as M. barbatus in both areas (Demestre et al., 1997; Martin et al., 1999) and O. vulgaris in the Catalan Sea (Tsangridis et al., 2002) .
In addition, it is difficult to find clear mid to long term effects due to this measure. Preliminary results of an experimental study performed in the same areas suggest that the applied closure periods are not long enough to obtain a clear recovery of the benthic communities (De Juan et al., 2005) .
The true efficacy of fishing closure is still subject to a large debate between fishery scientists, managers and stakeholders. Alternative measures, such as spatio-temporal closures, have been proposed to complement fishing closure. The closure of restricted areas for several years, such as the Gulf of Castellammare (southern Tyrrhenian Sea), produced a consistent increase in biomass and mean size of many species (Pipitone et al., 2000) . Moreover, it has recently been proposed to close eleven fishing areas in Italy.
